Doxorubicin induces apoptosis in normal and tumor cells via distinctly different mechanisms. intermediacy of H(2)O(2)- and p53-dependent pathways.
Doxorubicin (DOX), a widely used chemotherapeutic agent, exhibits cardiotoxicity as an adverse side effect in cancer patients. DOX-mediated cardiomyopathy is linked to its ability to induce apoptosis in endothelial cells and cardiomyocytes by activation of p53 protein and reactive oxygen species. We evaluated the potential roles of H(2)O(2) and p53 in DOX-induced apoptosis in normal bovine aortic endothelial cells and adult rat cardiomyocytes and in tumor cell lines PA-1 (human ovarian teratocarcinoma) and MCF-7 (human breast adenocarcinoma). Time course measurements indicated that activation of caspase-3 preceded the stimulation of p53 transcriptional activity in endothelial cells. In contrast, DOX caused early activation of p53 in tumor cells that was followed by caspase-3 activation and DNA fragmentation. These findings suggest that the transcriptional activation of p53 in DOX-induced apoptosis in endothelial cells may not be as crucial as it is in tumor cells. Further evidence was obtained using a p53 inhibitor, pifithrin-alpha. Pifithrin-alpha completely suppressed DOX-induced activation of p53 in both normal and tumor cell lines and prevented apoptosis in tumor cell lines but not in endothelial cells and cardiomyocytes. In contrast, detoxification of H(2)O(2), either by redox-active metalloporphyrin or overexpression of glutathione peroxidase, decreased DOX-induced apoptosis in endothelial cells and cardiomyocytes but not in tumor cells. This newly discovered mechanistic difference in DOX-induced apoptotic cell death in normal versus tumor cells will be useful in developing drugs that selectively mitigate the toxic side effects of DOX without affecting its antitumor action.